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REPRODUCTION AND GROWTH OF THE SMOOTH PEBBLE CRAB PHILYRA LAEVIS

(Bell 1855) AT TWO SITES IN SOUTH AUSTRALIA DURING 1990-91.
by STEPHEN C. McKILLUP* & RUTH V. McKrups

Summary

MokiLup, S.C. & MekiLtue, R, V) (1994) Reproduction and growth af the smooth pebhle crab Philyea laevis
(151t 1855 ) al two sires in South Australia during 199091, Trons. K. Soc. S Aust. 108(4), 245-251, 30 Novemnber,
1994

The growth and e bistory of the smooth pebble crab Phglvee loevis (Bell) was interred Irom collecthion made
berween July 1990 and December 1991 from Sultand Paint and Coobuswie, Suuth Austealia. P2 Jacus dppeared
w0 he semelparous und o reproduce twice a vear at both sites, Ay Sultana Point ovigerous females were comimon
i winter (June-July) dnd from late spring to late summer (November Febroary |, Dead adults were common from
lute winter W early speing and also in carly summer, Distinet coliorls of new recruits wiere faund i carly spring
and agin in carly summer. Recruits grew tapidly, reaching sexual maturity within four inonths, The mean size
of adult femiles and the proportion which were ovigerous differed amongst populations. A lahorstory experinien
showed that food availability affected growth and whether females became ovigerobs, We postubite thut differences
in size and avigery amongst populations of Phalyra lucviy may he ciused by differences in the availability of food,

Koy Worns: Philyra. pebble crab, life-history, inerticlal, food. sundtlal

Introdisction

The smoath pebble crab, Philyra laevis (Bell 1835).
15 common on sheltered intertidal sandflats in southerm
Western Australia, South Australiv, Tasmanis and
Victoria (Phillips er al. 1984). Hale (1976) describes
the feeding and courlship behaviour of B laeviv, but
litle else s known aboul this crab. Tasimaman
puspulations of 2 laevis have been reported o host o
newertean (gepus Carcinonemertes) (Bell & Hickman
[985) and the tremutode Microphallis paragrapsi
Smith. 1983 (Bell 1988). From 1990-91 we studied the
feeding behaviour of Philyra laevis, linding  hat
although individuals often ted upon other dead or
dimaged animals, many were unwilling to feed upon
members of their own species and that waer borne
coes from dumaged P laevis inhibited  feeding
(McKillup & McKillup 1992), During the study. we
collected P luevis over an 18-month period from two
sites 10 kilometres apart in South Austraha, and also
sampled 10 other southern Australian sites. These daa.
logether with results of a laboratory feeding
experiment, are used o infer the life history of £ faeviy.

Methods

Sampling of Phlyra laevis from Sultana Point and
Coolowip

Samples of Fhilvea laeyis were collected from the
mtertidal sandflat at Sultana Point. lower Yorke
Peninsulu, South Australia (3S.0R°S 137 44°E) in July
1990, and then approximately every four weeks from
Seplember 1990 o August 1991 and in December 1991
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I'he sandtlat at Conbmyie Bay, 10 ki nurth of Sultina
Point, wis sampled in the same way but less frequently
(November 1990 and Junuary. March. April. Angust
und December 1991)

P laevis is active whilst the sandfTat is covered by
water during ehb and rising tides, but remainy buried
in the substeatum at high water or when the sandflal
is completely exposed (Hale 1976). At least 30 and
usuully more than 100 individudls were collecred from
within the interiidal zone where P fuevis occurred
(from low water w about mid tidal level) between the
time of low water and when the sandflut was inandated
by the rising fide, At each site ut least l60m* of
substraium, consisting of several haphazardly chosen
(0.5 metre wide strips from the water’s edge o mid tide
level, were hand seirched (o a depth of 35 em, P lacvis
was found no deeper than 3.0 cm in the substeatum
(McKillup & McKillup unpubl.). Crabs were frozen
and Jaler examined for sex, whether females were
avigerous, and the carapace widlh of all individuals
wity measured 1o the nearest 005 mm.

Reproductive condition und average size of adult
fentales ar addinienal sties

During lanugry and February 1991, al least 75
Philvra laevis were callecied from each ol 1] sites in
South Australia and one in Victoria (Swan Bay within
Port Philip Bay), and examined for sex. size and
reproductive state s described previously.

Laboratary experiment on sexual development wud
arowth -
Abdominal morphology in the Crustucea can usually
be useo 1o determine sex: adult males often have &
relattvely narrow, concave sided and tapered abdomen,
whilst temales hive @ broader and often circulia
abdoinen almost as wide as the carapace (Harinoll
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IDEZ). This was the case for all Lhilyee Laevis with
carapucas wider thast 3.5 mm, bt three morphological
types were fouid in erabs 13,5 mm wide or smaller:
the Lwo previously described formes, plus indiyiduals
with u convex sided abdomen which, at its widest

paint, wis approximately hall the width of the: cirapace

(Fig 1) The Tasy described individualy were named
“intermedisley’,

The growth of 20 females, 20 jnter mediates and 20
males. all ot carapuee width 1.5 mm ar less, was
observed n the laboratory Considering that we also
tound differcnces in the size und proportion ol adull
lemilus which were nvigerous amongst sites, and thal
dilferences i adult size  amongst  (uaspecified)
localities  were abso reported by Hale (1976),
nhservatons were made as part of & manipulatve
lahoralory experiment designed loexiomine the etlects
of food availability upon growth and egg produetion
of Phitvra feeevis, Crabs were placed idividually in
30 x 508 50 i deep plustic dishes, cach filled with
A il of seawater, Al individualy were numhered on
the dorsal side of (heir carapace with nnn-taxic
waterproot ink. Six dishes, comatng two males. 1o
ferles aod two imermedistes were placed within cach
ol 10 tidded 280 2 380 = HO mw deep plistic tiays
containing seawaler W depth ol 10 mm. Aeration wis
not nieeded, The seswaler in the trays miintained # high
level nlhumidity which reduced evaporution Iratn the
dishes and also provided a marne environment for the
few crahs which climbed oot during the experiment.
Trays were Kept Ut ronny tenpetaire and mduml day
length

Five trave were assigned randornly to g “high food”
treatment and the 30 crabs within these were fed every
working day (from Monday to Friday), whilst the 30
Crabs o the vther five trays were fed weekly, on
Wednasdays, as 1 “low food™ teatnent. Different
(requencies of feeding provide different levels of tood
avadlability to wivertebndes (c.p. Calow 1973, Marjarly
178), For cuch feeding the s1x crabs in o tray were
removed, pluced in six seporate dishes used for feeding
only and oftered ael libitun crushed cockle. Rutelvsia
Sedlarine Lunvarck. Teons Suliams Powni- B aevis s
olten fauned teedimg oo this bivilve in the field
(McKillup & MeICillup 1992) Al ¢rabs fed for 12 mip
ar less und were retirned (o their permanent dishics

McKITHP L RV MeRILLUP

after 15 min. This method of feeding prevented the
seuwiter in the permanent dishes from becomine
fouled: it was replaced  fortnightly. Crabs were
mspecled on every working day, individuals which hud
moulted were exarmined and sexed as either male,
[emule ar mermediates, and uny which had climbed
out were repluced in (helr dishes.

The eaperiment began on April 2nd 1991 using new
recrunts from the December 1990 - Tanuary 1991 cohort
it Coobowie_ and continued unnl all erabs had mouled
al Teast once.

Resulls

Sampling of Philyra laevis from Sultaria Point amel
Croohowye

The size structure ol the population of Phitvra laeviy
ul Sultana Point From July 1990 1o Deceinber 1991 15
iustrated in Figs 20 30 In mid-wanter (July 1990), ull
middes were an leust RS mim wide, all females af least
T8 mm wide and Q3% of the Laler were ovigerouy,
By early spring (Seplember 1990), dead males amd
lemiles were estremely common and  large Live
individuals were not; almuost half of the live males
collected were smaller than 8.5 mm and appeared (o
he o distingt cohort of recent recruits, Only 1wo live
adull females were (ound; both were more than 7.5 nun
wide and ovigerous. The remainder of the sample
consisted of “intermediates” 7.5 mm wide or smaller,
which were nat present in the July sample, A
luboratory expeniment showed that intermediates were
Juvenile feniales (see below). In mid-spring (October
1990) poly one coburtof miles was present, and these
males were lurper than the recruits first seen n the
previous month . The juvenile females were also larger
and soie relanvely small adult females were present.
bul none was ovigerous, In lute spring (November
(990}, no juvenile lemmales were found; the sample
consisted ol adub femules ut lenst 9.5 min wide, 89 %
of which weee ovigerous, plus males from 4.5 (0
18,5 mm wide, In early summer (December [990)
anolher cohort o relatively spiadl males was present .
together with a cohort of juvenile ferales up W 9.5 muy
wide. Dead adults were again conmion, but live sdults
were ulso found and 71% of adult females were
ovigerons. The small msles and juvenile lemiley
contipded 0 grow (hrough summer and autumn
(January o April 1991) and the number of nvigerous
adult females declined (30.6% in Jdanvary, 14% in
Fehruary and 56% in March), From mid- w Jate-
aontumn (April and May 19910 no juvenile femules were
found and oniy 1L.5% and 2% respectively of adult
femules were ovigerous, hut inearly winter (une [991),
the percentage of avigerous fefiales hud risen 1o 68%

and further wereased 1 Y4% by Tare winter (July 1991)

The early spring (August 1991) sample was very similu
(¢ that af Seplember 1990: dead adult niales and
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Fig. 2. The size structure of female Philyra laevis collected from Sultana Point, South Australia on 14 occasions between
July 1990 and December 1991. Solid bars indicate juveniles; open bars. adults.
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Fig. 3. The size structure of male Philvra laevis collected from Sultana Point, South Australia on 14 occasions between
July 1990 and December 1991,
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females were common and the sample ol live Philvra
laevis consisted entirely of juvenile females less than
8.5 mm wide and males which were almost all smaller
than those collected during the previous month. The
December 1991 sample was similar w the one from
the previous December, consisting of adult males plus
adult and sonie juvenile females. with 65% of adult
females ovigerous, Dead adults were ugain common
on the sandflat at Sultana Point in December 1991
The data for Coobowie were consistent with those
from Sultana Point. In late spring (November 20th
1990) only ey and adult females were found, but
in mid summer (Janoary 19th 1991) juvenile lemaley
were also present and dead males and adult females
were common. The average carapace width of the
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cohort of juvenile females present in early autumn
(Murch 17th 1991) was larger than in January and most
appeared Lo have moulted w-aduls by April 13th 1991,
In late winter (August [8th 1991) dead adalts were
common and juvenile females plus small males were
present. Incarly summer (December 19th 1991) dead
adults were also tound, very few live adult females
were present and juvenile fermales were commonn.
The mean carapace width of adult lemales was
always greater at Sultana Point than Coobowie (Table
1) and a greater proportion ol adult females was
ovigerous at Sultana Point than Coonbowie on five
pccasions when comparison was possible (Table 2).
Males were not compared since it was impossible to
distinguish between juveniles and adults.

TAHLE | Comparison of the mean earapace width (i mm) of adult female Philyra laevis from Coobowie and Sultana Paint.
The Nenvemher colleetioms were made 17 daxs apart; on the ather § vecasions crabs were colleced from both sites on the

same day. X = mean, y, = standard deviation and n =

sample size

Site

Coobowie Sultana Point
Date collected n x S, n X 5,
November 1990 33 9.23 2.37 125 13.17 2.02
19 January 1991 17 12,74 L.75 49 13,14 V3
17 March 1991 52 12,62 1 .42 71 13.68 1.72
13 April 1991 85 13.18 .75 63 14.19 1.77
18 Aagust 1991 212 1182 1.94 none [ound
14 December 1991 9 $ 172 1,72 23 13.50 1.83

TaBLiz 2. The wmomber of adult female Phalyra laevis and those ovigerous i samples collected from Coobowie and Sultana
Potnt on 6 gccasions during the same month. The November collecuoms were made 17 days apart; on the other 5 oceasions

craby were collected from both sites on the same dey.

Site
Coobowie Sultana Poimt

Dute collected Colleeted Ovigerous Collected Ovigerous
Nowember 199() 33 1 128 119

19 January 1991 17 0 49 15

17 March 1991 52 ] 1 4

13 April 1991 L () 63 2

I8 August 1991 22 =) O -

I December 19Y1 9 0 22 19

Tasiy 3. The percentage of ovigerous adult female Philyra laevis ar /2 sites sampled during January and February 1991,
tgether with the mean carapace widith of adult females from each site.

Number of Number and Mean carupace

mature fzmales percentuge wudth af
Dute sampled Site collected OVigerous females (mm)
19 January 1991 Edithburgh Bay Y 0 (] 12,67
19 January 1991 Sultana Point 49 15 (30 13.19
19 January 1991 Coobowie 17 () () 12.74
19 January 1991 Hickey's Point 25 2 (8) 13,10
19 January 1991 Stanhsbury 33 1 (21 14.35
20 Junuary 1991 Pont Turon 3 0 (L) 14.83
20 January 1991 Rogues Point 86 f (1) 13.90
29 Junuary 1991 James Well 20 1 (5) 12.65
29 January 1991 Pine Point 23 1 (4) 12.33
2 Fehruary 1991 Foul Bay 87 0 (0 13.89
2 February 199] Sturt Bay T 1) (14) 13,10
13 February 1991 Swan Bay (Vic.i 6t 56 (85) 17.46
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Reprodietive condition and average size of fermuales ar
addinivnul sires

vt for the number of adult females collected and
the number and percentage wWhich were ovigerous fof
12 populations sumpled in mid 1o Tafe summer 1991
are in Table 3, The percentage nf ovigerous females
decreased we Sultana Point Trom January W Febrairy,
st only sumples collecied on the 19-20th January 1991
were  comipared  statistically.  Nevertheless,  the
proparion ovigerous diftered sigmificantly amongse (he
seven sites sampled on lower Yorke Penimsala (2 x 7
contingeney table comparison. dif = 6. Chi-squared
statistic = 2226 £< 0005)  The significant
heterogeneily amongsl sites was largely dae a the
greater proportion of ovigerous lemales at Sulting Poing
(Table 3) Considering all sites sampled. the highest
percenlage ol vvigerous adulr females (85'%) Wiy al
Swan Bay, Vicwrla during eurly February cwhen only
5% were avigeroos ab Sultuna Poinl; see carlier
discussion of Figure 1), The Swan Bay population also
contiained rthe largest Philyra  laevis lound.
Furthermore, for the seven sites sampled from the
19 200k Fanwary (excluding Point Turton where only
three lemales were collecled). avigerous famales were
found only at sites where the average carapace width
of fermules was greater than 1300 mm (Table 3).

Labaraiory experitnent an sexual developmen:

Male. aduht ferale and “inteomediate” Philvia faeviy
altered Toad on five of seven days per week moulted
sooner than those only fed once per week (Table 4)
A e firstimoultin the laboratory all males nioaled
o mates, all females (o females and all infermediales
10 females, excepr for the two sinallest which remained
as the intermiediste form unril they moulted gain. In
all cases the variance of days ¢lapsing before moulting
wis greater in the low tood freatinent, und hy
ispection the distributions n this treatment were
shewed o the rght. None of the adult females in the
low lood rreatment, botall in the high food iresiment
were ovigerous hy July 1991

Diseussion
Philvra faeviy reproduced Fwice o year ab Sultana
Point and death ol most adults during 1he hreeding

months suggests s species s largely semelparous
Recrnips [bund in carly spring (September 19901
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reached sexnal marity and reproduced from late
spring 1o late summer (November 1990 o February
1991). while those first found in early summer
(December 1990) reached sexual paturity by nids
autumm (April 1991) and reproduced uniil early winter
June 1991). Data from Coohowie were consistent with
this patteen of recruitment, but suggest that many adul
P Jevis st Coobowie did not reproduce in the summicr
of 1990-91, although data were scanty, being only foe
November 1990 and Junuary 1991,

Recruits were found one month after reproducing
females were present in laie spring and 1wo monihs
after they were present incarly winter, Considering
thiat The sandfat was only sampled monthly. (hat the
smallest erab found was 2.8 mm (MeKillup &
MeKillup unpubl.) and that smaller individuals were
likely 10 be overlooked amongst sand gruins and
detritus, the larval stage of B lueviy is Likely 1o be of
relutively short duration (perhaps only -2 weeks),
Another member of the swne genus, the purse crab
Phityra globosa (Fubricius), has a larval stuge Fastionge
[ days in the lahoratory at an average temperature of
28°C (Krishnan & Kannupandi 1990,

The moult from juvenile to adult form in females
appears o coincide with sexual matority, since only
two fermales with juvenile ahdanens of more than 300
exainined were ovigerous (MeKillup & MeKallup
unpubly. A relative (“non-allomelric™) increase in
abdomen compared w carapace width during the moult
10 adulthood is caommon in bruchyurans (Hartnoll
1974),

For siles sampled from the 19-20th Junuary 1991
a grealer proportion of ovigerous adult females was
present where the mean carapace width of females was
relatively lurge. Also, there was u greager praportion
of ivigerous females at Sultana Point than Coobowie
on all oeccasions when comparison was possible,
Difterences amongst sites were not caused simply by
lurger females heing more likely w0 be ovigerous,
cxammanion of the data nsed (0 compile Table 2 showed
thut in Navember, 60 of 69 adult females hetween %
and 13 mm wide were ovigerous at Sulina Point, but
none of 19 collected on the same date und within the
siame Size range  wis ovigerous al Coobowie.
Furthermore. on Tanuary 19th 1991, none of the 17 adulr
females collected Tfrom Coobowie was ovigerows. even
though the carapace widths of these individuals were

TABLE 4 The mean duys elapsing before Philyva lacys fiest mowdied v high and low fooed (reatmerns. 3 medn
Sy stthelard deviettion, wo= sample size
Treatmeni
Fligh Mad Ly Fopd
n ) s n < oy

Mitles 1l 20 378 ] 3910 1714
Femiles 11 3.5 738 10 45.20 LN |
Intermediates I 2 m w7 1 35 10 21 Ri
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within the size range of the 15 ovigerous lepales
collected from Sultana Ponc, Sinakarly, on December
17th 1991 none of 9 adult femades from Coohowie wiis
oV gerous. even though siv were within the size range
of ovigerous females From Sultans Point,

Results of the lahoratory experiment were consistent
with food supply affecting the frequency of moultimg.,
A sampie of criabs will contan individuals at difterem
Stages ol the moult cyele. In the low {ood group, cribs
aboul (0 moult would have done 50 soon after the
experiment began, but those which had monlied shortiy
befare heing collevted would have 1o prepare o moult
‘\lgllill under the lahoratory conditions. of low food
availability, In contrast, in the Jugh [ood group, crabs
prepared t moult would do sooand others which hud
recently monled would have adequate resources
availuble o prow and moult agam. This can explan
the greater mean, varianee and positive skew of the
number of days before moulting o the low compured
10 the hugh food treatment (Table 4).

We suggest, for the following reasons, tha
differences i s12¢ and the proportion of ovigerous adult
tennles amongst sites were caused by differences im
fond availabihty: Firstly. in the laboralary, crabs i the
high food treatment moulied sooner (and therefore
arew faster) than those i the low lood treatment, and
only females i the high food treatiment produced cges.,
Secondly, adull female B fueviy al Coobowie were
consistenty stnaller than those at Sulttana Point The
intertidal scavenger Naysariuy pagperatus (Lamarck),
4 prosobranch snail which occupies a simildr niche and
s often found feeding with Philyra laevis, s also
stnaller Gand hungrier) at Coobowie than ol Sullana
Point. and we have postulated there is less food

available 10 N, prauperainy at Coobowie (hancal Sullans
Point IMcKillup & Butler 1979, 1983 McKillup 1983)
Furthermore. we hive more recently postulided tha
intertidal scavengers niay penerally be short ol food
(McKillup & Mckallup 1994). All South Austridian
populations of P fuevig sompled contaned smaller
females on average than the papulation at Swan Bay
Victoria, suggesting thuc foud availability may be
limiting the growth wnd reproduction of  many
populations. of this scavenger, Notably, females of
anoiher leucosiid crab. Ehufia laevis (Bell, 1835) were
only found ovigerous during December. Janumry, May
and August at Wellington, New Zealund | but records
trom other localitfes suggest the duration of the
reproductive season varies armongst siley (Wear &
Fielder 1985).

The hypotheses thut dilferences i fund svanlability
are limiting the durgtion of the reproductive period of
Pirilyvra faervey and  that andividuals  ino natural
populations of this species ure short of food could be
tested by frequently feediog murked individuals in the
tield and compuring their growth und reproductive
output with the rest of the population, The resuls of
these experiments may explain why Philvra (uevis has
arelatively short lifespan and two seasonally opposed
breeding seasons e Sauth Australin.
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